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The problem of gain control in a neuron that faces thou-
sands of synaptic stimuli has received much attention.
Studies of relatively simple models established that synap-
tic gain can be modulated by multiple factors, such as pre-
synaptic plasticity and/or intrinsic neuronal nonlineari-
ties [1,2]. However, most central synapses are character-
ized by small active zones and high stochasticity of
vesicular release [3]. In addition, dendritic trees abound
with active conductances [4]. All of the above calls for a
revised look at the simplified mean-field models of gain
modulation.
Using multi-compartmental modeling techniques and a
biophysically realistic model of plastic stochastic CA3-
CA1 synapses, we investigated here the properties of den-
dritic signal processing in the quantal limit of synaptic
transmission. We found that, notwithstanding the rela-
tively large number of afferent synapses, the spike trains of
a model neuron are marked by quite high variability.
These studies underscore the role of active dendritic con-
ductances, and in particular of slow Ca-associated mecha-
nisms, in the processing of plastic synaptic stimuli.
It is well-known that the mechanism of somatic spike gen-
eration in cortical neurons is very reliable. Therefore, we
anticipated that the variability of output spike trains
resides in sub-threshold voltage fluctuations that, in turn,
reflect dendritic processing of synaptic stimuli. Indeed,
making pre-synaptic short-term depression milder (by
reducing the vesicle turnover time) resulted in the consist-
ent reduction of voltage fluctuations (as captured by
standard deviation), thus leading to more regular spike
trains. These results corroborate previous findings on the
important role of pre-synaptic depression in the control of
synaptic gain [1].
In our model, the extent of spike train variability could be
modulated by changing the ionic channel composition of
the dendritic tree. Removal of slow mechanisms associ-
ated with calcium and calcium-activated channels led to a
significant decrease of sub-threshold voltage fluctuations
and to less variable output spike trains. Furthermore, a
complete removal of active properties resulted in an
almost regular spike train.
Distributing the synapses along the dendritic tree signifi-
cantly improved the ability of a model CA1 pyramidal
neuron to detect fluctuating trends in synaptic activity.
The spike train of a point-like conductance-based model
neuron was characterized by very low variability. By con-
trast, when synaptic inputs were distributed along the
dendritic tree, the firing rate rose gradually for progres-
sively increasing synaptic strength, and the typical spike
train was very variable.
In summary, our studies suggest that hippocampal pyram-
idal cells might be equipped with mechanisms that allow
them to "sense" activity-dependent trends in afferent fir-
ing. Thus, it provides a testable hypothesis as regards con-
textual modulation of hippocampal place cell firing.
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